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Abstract 

We study the neutrino-photon processes like 77 — > vv in the presence of 
uniform external magnetic field for the case when neutrinos can couple to 
the electromagnetic field directly through their dipole magnetic moment 
and obtain the stellar energy loss. The process would be of special rele- 
vance in astrophysical situations where standard left-handed neutrinos are 
trapped and the right handed neutrinos produced through the spin flip in- 
teraction induced by neutrino magnetic moment alone can freely stream 
out. 
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Photon-neutrino interactions are of interest in the astrophysical 
and cosmological environment. Neutrino pair production through 
77 — > vv would provide energy loss mechanism in stellar bodies 
and its reverse process vv —> 77 and the neutrino photon scattering 
jv — > jv would be important in stellar evolution. The scattering 
process may also be important for studying photon and neutrino 
propagation over intergalactic distances. The amplitude for any of 
these processes is however, known to be highly suppressed [1-3] be- 
cause of the vector-axial vector nature of weak interactions and the 
fact that the photons cannot couple to J=l state (Yang's theorem 
[4]). In the four fermion limit of the weak interactions, the ampli- 
tude is exactly zero for massless neutrinos [5] and is suppressed by 
an additional factor of y in the Standard model [1-3,6-8]. The 
resulting cross-sections are therefore exceedingly small and are un- 
likely to be of any importance in astrophysics. The process 77 — > vv, 
when neutrinos are massive or when they have more general inter- 
actions, has also been discussed in the litrature [9] but there does 
not seem to be any scenario where this process can be of astro- 
physical interest. Three photon coupling to neutrinos however, does 
not suffer from these suppressions and it has been shown recently 
by Dicus and Repko [10] that inelastic processes like 77 — > vvj 
, 71/ — > 71/7 etc. are much larger than the corresponding elastic 
processes for photon energy greater than 1 KeV. It is well known 
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that in many astrophysical environments photon-neutrino reactions 
along with other weak processes relevant in astrophysics take place 
in the presence of strong magnetic field. Magnetic fields of strength 
B ~ B r = = 4_4i x 10 13 G or more are known to exist in 

L e 

compact stars and many of the processes have been studied in the 
presence of magnetic field [11]. 

In the presence of magnetic field, 77 — > vv elastic processes 
are akin to 77 — > z/z/7 inelastic processes with one of the photon 
legs being replaced by the external magnetic field and are therefore 
not expected to be supressed. Starting from the Euler-Heisenberg 
effective Lagrangian [12] for photon-photon scattering and by re- 
placing one photon polarisation by the neutral current, Dicus and 
Repko [10] obtained an effective action for 77 — > ^vv inelastic pro- 
cesses and calculated the cross-sections for three photon inelastic 
processes. Subsequently Shaisulanov [13] calculated the two photon 
elastic cross-sections in the presence of external uniform magnetic 
field and showed that the cross-sections are enhanced by a factor 



three photon inelastic cross-sections. 

The presence of electro-magnetic dipole moment implies that the 
neutrinos can couple directly to electromagnetic field allowing for 
a variety of nonstandard processes. One of the most interesting 




compared to vacuum and are comparable with the 



process in this context is the plasmon decay "7 



vv which hap- 
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pens to be the dominant neutrino emission process from stars for a 
wide range of temperatures and densities. Many of these processes 
have been studied in detail in the litrature and bounds on neutrino 
magnetic moment have been obtained from consideration of stellar 
energy loss. For details see [14]. In this context it is interesting 
to investigate the photon-neutrino elastic processes through direct 
neutrino coupling to photons via neutrino magnetic moment. The 
leading diagram in QED involving three photons attached to fermion 
loop vanishes because of Furry's theorem. The next non-vanishing 
diagram involves four photon vertex through the fermion box , with 
one of the photons replaced by external magnetic field. Following 
[10,13] we can calculate 77 — > vv cross-section in the presence of 
external magnetic field by using the Euler-Heisenberg effective La- 
grangian for photon-photon scattering, namely 

Qs = Y^ [5rMXpfxp ~ u ^^f Xp U (i) 

and the magnetic moment interaction of the neutrino with electro- 
magnetic field given by 

cT ff = nv^Mv, (2) 

Now replacing one of the photon field tensors in (1) by the ex- 
ternal magnetic field tensor F^ u and attaching the neutrino tensor 
current in (2) to another photon field tensor and taking all distinct 
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permutations, we get as in [13] 

Ce " = W&; N "" [5{Ff "' h '' fP + 2 ^ F ^ 

-U(F vX f! m + F"»U x r + J^V/^.-jl (3) 

where q is the four momentum carried by the neutrino pair, m 7 is 
the plasmon mass which depends on the state of the plasma and \i v 
is the neutrino magnetic dipole moment The neutrino tensor N^ v is 
given by 

N» v = [d^ipa^qaip) - d u (^ a q a i/j)} 

= [Ol + P2T{P1 - P2T - (Pl + PlTipi - P2Y]u(pi)v(p 2 ) (4) 

The amplitude for the process 77 — > vv can be written down by us- 
ing (3) and (4) and the cross-section averaged over the polarisations 
of the incoming photons can be evaluated in a straight forward way. 
After a long and involved calculations we get 

o^^vv) ^ (180mi) 2 (2h.k 2 - mty 

[ki.k 2 [^ 1Q ( k iF 2 h + k 2 F 2 k 2 ) + 6272/c 1 F 2 A; 2 ] 
-M24(k 1 Fk 2 ) 2 + 784(k 1 .k 2 ) 2 F^] (5) 

The cross-section can be estimated in the cm. frame and by con- 
sidering the magnetic field in the z-direction say 

1 J Stt (180m*) 2 (1 _ g )2 



~ 0.31 x 10- 5 V?„(— ) 4 (|-) 2 . l -^cm 2 (6) 

™« B c (1 - S) 2 

where ^ = -j^wHb with /is = and w is the photon energy. The 
energy loss from a magnetised star can now be obtained in a straight 
forward manner by using the expression 

1 f 2g? 3 /ci f 2d 3 k 2 k v k 2f 

Q = 7T , a / j7f / 77^ -• [wi + W2M77 — > vv) (7) 

(27r) 6 •> e Wl / T - 1 J e W2 / T - 1 

In the range of validity of the effective action approach used above 
the plasmon effects are negligible and can be dropped. In this ap- 
proximation we get 

Q = msk^Ml T " I 25263 C( 7 ) " 1576A(5)] 

- 0.32 x lO^/ilQi—fT^ergss^cm- 3 (8) 

where Tq is the temperature in units of 10 9 K. Direct laboratory 
bounds on neutrino magnetic moment give [15] ii v < 1.8 x 10~ 10 /iB ? 
\i v < 7.4xlO _1 Vs 5 < 5.4xl0 7 /xs for electron, muon and tau neu- 
trinos respectively. In addition to the direct laboratory limits given 
above, there exists limits based on astrophysical and cosmological 
considerations arising from stellar cooling and nucleosynthesis argu- 
ments. From SN1987A and red giants in globulor clusters we obtain 
typically [14,15], \l v < (2 - .3)10 _1 Vi? and [i v < 3 x lCT 11 ^ . How- 
ever, these limits are to varying degree model dependent and apply 
to all neutrino flavors. Thus for allowed neutrino magnetic moment 



values, the two photon rates in the presence of strong magnetic field 
are roughly of the same order as the enelastic processes discussed in 
[10] and could be important in astrophysics. In the enviornment of 
a proto-neutron star where temperatures could be > 10 11 K and the 
standard model left handed neutrinos are trapped in the star due 
to their small mean free path, production of right handed neutrinos 
through spin-flip electromagnetic interactions induced by neutrino 
magnetic moment would result in the rapid cooling of neutron stars 
due to the emission of right handed neutrinos. The cross-section and 
the cooling rate relevant at these temperatures can not be reliably es- 
timated from the effective action considered here. Recently [15] two 
photon elastic processes in the standard model have been studied in 
the presence of background magnetic field in the kinematic regime 
relevant in stars with temperatures much above m e and it has been 
shown that for temperatures ~ 10 11 K, the effective action approach 
overestimates the rates by several orders of magnitude. Clearly a 
more careful analysis is required to study the photon-neutrino in- 
teraction processes in the magnetised supernova environment and is 
being undertaken. 
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